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Abstract 
The historical city and associated historic towns located on central part of Thailand. Due to its topography as an 
island and surrounded by three main rivers, the area will be flooded around six months a year, the enemies cannot 
stay too long, waiting for the invasion, thus the armies eventually decided to retreat. Since study area has its location 
on flood-prone area, up till now flooding situation still continuously occurring, annual year in rainy season from 
beginning the of July till October. In September and October, the heaviest rain generally takes place, the quantity of 
water in river overflow and flood along riverbank. For tackling with flood disaster, Thai ancestors creatively designed 
the traditional house style, pillar house, which considered the natural features of water based settlement, particularly 
risks of flood disaster, by building a house being able to avoid the negative consequence of flood and also pointing of 
the cultural atmosphere. In this way, residents in vulnerable area could stably survive from the negative consequences 
of flood because of this kind of the distinctive architectural design. The objectives of this study are (1) to study the 
2011 flood characteristics and coping with flood in study area; and (2) to study damage information in three types of 
housing (pillar house, two storey house, and one storey house). 
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1. Introduction 
 
 Ayutthaya province was the Siamese Royal Capital from 1350 to 1767. Moreover, Ayutthaya was 
listed in the World Heritage historical site by UNESCO in which located in lower basin of the Chao 
Phraya River. In the lower basin of the Chao Phraya River is a main river that is combined from the Ping 
River, Wang River, Yom River, and Nan River. The characteristics of these rivers are generally gently 
sloped river with gradients that flow down from northern mountain system. From its geographic 
characteristics affected many flood experiences in the past, especially a massive flood in 2011hit the Chao 
Phraya River from August to December because it was caused by high seasonal rainfall, which was 143% 
of the average rainy season rainfall during the period 1982-2002. The resulting flood destroyed water gates 
and broke levees, led to uncontrollable flooding [1]. The entire island of historic Ayutthaya and its 
surrounding area were under water for over a month. In some areas, the flood waters reached a level of 
approximately 3 metres [2].  
  Many of the primary sectors of Ayutthaya were affected from this flood, including more than for 130 
sites in cultural heritage sector, 5 industrial estates, 196,929 houses and 4,458 million baht from damage 
and losses in agriculture sector with inundation damage. Especially the housing sectors, damages and 
losses were estimated by World Bank at over 9,000 million baht [3]. In case of evacuation, some 
household had to pay expenditures for mobilizing themselves to safer area such as transportation cost, and 
rent cost for temporary shelter. The sequence of evacuation became the second largest cost as show in 
Table . 
 
Table 1. Damage and losses in housing sector from 2011 flooding in Ayutthaya: by World Bank, 2012 
 
Damage and losses Value of damage and losses 
damage Number of damaged houses 196,929 
 Estimate of cost (THB) 1,294,170,947 
                       Household goods damage 3,835,439,603 
Losses Temporary shelter& utilities including stay in house THB  4,552,823,011 
 Debris cleaning (also cleaning of goods) THB  198,221,520 
                      Total THB  9,880,852,010 
 
  The Ayutthaya province had experienced many floods in the past, and floods maybe occur again in 
the future. The important issue is people who are in flood risk area; they cannot avoid with flood disaster. 
Coping and adaptation of the next flood disaster are the best ways to reduce flood risk. Especially, 
building characteristic is an important factor for the flood exposure of housing sector. Normally, Thai 
people were familiar with flood since in the past. It has been shown through Thai traditional house pillar 
house  that was designed by Thai ancestors, who considered the natural features of water based 
settlement, particularly risks of flood disaster by building a house being able to avoid the negative 
consequence of flood. [4] wrote that 
which reflects the residential settlements, hence floods are not problems some old houses by the 
knowledge of previous generation in housing, compatible with environment are demonstrated in some of 
the characteristics of the Thai house (Ruan Thai) . In this study  
  But nowadays the style of living has been changed from pillar house to modern style house, which 
incompatible to living in the flood situation. Pillar houses initially designed for living with water are 
decreasing by displacement of modern building style. To cope and adapt with the flood from housing 
characteristic, this study tries to point out knowledge of previous generation in housing, living in 
harmony with natural flood through damage information. The objectives of this study are 1  to examine 
the 2011 flood characteristics and coping with flood in study area; and 2  to investigate damage 
information in three types of housing pillar house, two storey house, and one storey house . 
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2. Determinants of the flood risk 
 
 The study determines factors of flood risk by adapting from components of disaster risk, which 
refers to [5, 6] Saltbones wrote that components which influence the amount of risk, include hazard, 
exposure, vulnerability, and manageability. Moreover, Shook, who wrote about risk of disaster, is 
determined by hazard, vulnerability, and manageability. Flood risk is the possibility of losses, in life, 
health status, livelihoods, assets and other consequence that impact on human society. The determinants 
of the flood risk are determined not only by characteristics of flood but also by vulnerability and coping 
capacity to exposing with flood. Therefore, the risk of flood is based on three elements in which its 
relationship is shown in figure one. 
 
 
 
 
 
Fig. . The formula of flood risk; source: adapted from Saltbones 2006 and Shook 1997  
 
 However, residents cannot avoid from flood problems when they are in the flood risk area. The best 
ways are reducing vulnerability and increasing coping capacity which is a core common element of flood 
risk management to reduce flood risk. From Figure 2 a and Figure 2 b ; the element of flood risk 
depends on vulnerability, the flood characteristics, the ability of people cope with flood as follows: 
 2.1.1 Flood Characteristic refers to nature of flood, frequency, duration and maximum water level 
 2.2.2 Vulnerability refers to characteristics and circumstances of a community or asset that make it 
susceptible to the damaging effects of a flood. There are many aspects of vulnerability, arising from 
various physical, social, economic, and environmental factors. Their examples may include poor design 
and construction of buildings, inadequate protection of assets, lack of information and awareness 7  
 2.2.3 Coping capacity is the ability of people in community by using available skills and resources 
to face and manage flood. The capacity to cope requires continuing awareness, resources and good 
management, both in normal times as well as during crises or adverse conditions [7]. 
 Regarding to this study, characteristic of housing is a vulnerability factor to expose with the flood. If 
characteristic of housing is compatible with the flood; it contributes to reducing damage of assets from 
the flood. Therefore, the hypothesis of this study is different type of housing, which affect on different 
level of damage on assets. By the types of housing will be presented on the next part. 
 
 
                                                  a                                                                                                      b  
 
Fig. 2. a The elements of flood risk; b The reduction of flood risk; source: by authors, 2012 
Flood Risk     =   Flood characteristic   X    Vulnerability 
                              Coping capacity                        
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3. The characteristics of houses in Ayutthaya
The location of the Phra Nakorn Si Ayutthaya municipality, Phra Nakorn Si Ayutthaya province, is 
the island surrounded by the rivers. Also, this location used to be the ancient capital. There are 3 rivers -
Chao Phraya, Pa Sak and Lop Buri respectively- flowing through it Figure 3 . The field survey found 
that there were much different house construction characteristics between inner and outer area. Inner area,
the most of housing is modern style. In contrast with outer area, the most of housing are pillar house or 
semi-pillar house Figure4: a . However, in 2011, the entire historic island of Ayutthaya inner area and
its surrounding area outer area were hit by the worst flooding in decades. This study was based on 
collection of damage information from one-storey house, pillar house, and non-pillar house. Pillar houses
are generally constructed by wood. Some of the house combined the material as concrete and corrugated
iron. While two storey house and one storey houses have not spaces on the ground floor to create 
impervious surface for absorbing the rain.
Fig.3. Map of study area: by authors, 2012
a
b
Fig. 4. a House construction characteristics in inner area; b House construction characteristics in outer area: by Hirunsaree, 2010
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  Pillar h  
that did no . The pillar houses is local knowledge that 
originally made by wood that stuck on high pillar about 2 meters above the ground, allowing wind to 
flow. By leaving empty space under the house due to following reasons: 1 to protect the house and 
residents from harmful animals or insects living in the greens and forests nearby; 2  To protect the house 
from flooding as Thailand is an agriculture country and the area is normally flooded during raining season 
especially around October, November and December almost every year. Once the area is flooded, people 
could move their properties on the first floor up onto the house; 3  to use the open area of the first floor 
as storage space of agricultural tools, equipments, and kitchen utensils; and 4  to use the open area of the 
first floor as working space for household industries such as fabric weaving, mattress weaving, rice 
milling. Or, utilize space as recreational area for family member activities and welcoming the guests 
during day time. As a matter of flood control, it provides the impervious surface of the city which it can 
potentially mitigate flood severity by absorbing water and allowing water run through its flow.  
 As another remarkable is the style of pillar house roof. The unique style of heap roof is suitable for 
tropical country where heavy rain coming through the year. Heap roof helps draining off the roof quickly 
and prevents roof leakage. At the end of the roof has long awning to protect strong sun.  
 The methodology design is based on collection from in-depth interview technique with local 
authorities and group of households 20 households  which suffered maximum 2 meters water level. The 
twenty households were equally divided into ten households of inner and outer area. Ten households of 
inner area included three households of pillar house, four households of two storey house, and three 
households of one storey house. Outer area included eight households of pillar house and two households 
of two storey house. The field survey of three types of housing was differently impacted from flooding. 
This study set one hypothesis that damage of pillar house is the lowest when compare to another type of 
housing Figure 5 . However, it is a limitation to get the real damage information from some household. 
So, damage information was collected only average repairing cost but also average cleaning time, and 
damage of physical structure.  
 
 
 
 
a  
 
 
b  
 
Fig. 5. a  Pattern of lifestyle of housing types; b  During the flood of housing types: by authors, 2012 
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4.  Result of study 
SACIDS reported the situation of flood in Thailand in 2011 that various regions of Thailand are 
prone to seasonal flash- flooding. With the monsoon season well underway in 2011 causing heavy 
precipitation in Northern and Northeastern Thailand and flash flooding in many provinces begi
. By 19 September almost all lower central provinces were being 
affected by flood. By the beginning of October, most dams were already near or over capacity and being 
forced to increase their rates of discharge, potentially worsening downstream flooding. Flooding in 
Ayutthaya worsened as flood water entered the city proper, inundating the Ayutthaya Historical Park and 
forcing evacuations. Barriers protecting industrial estates failed, resulting in flooding of dozens of major 
factories and country-wide disruption of manufacturing supply chains. In Nakhon Sawan, the sandbag 
barrier protecting the city was breached, resulting in rapid flooding of the city. Hundreds of patients had 
to be transferred out of Ayutthaya and Nakhon Sawan Regional Hospitals by boat as water levels rose 
over the hospital floors and power supplies and life support systems were disrupted. [9] As shown from 
the report, the characteristic of flood in Thailand is so called slow flood, which means the people in flood 
affected areas are alerted to make an action to response with flood before, likewise Ayutthaya people. 
This study has its first objective to examine the 2011 flood characteristics and coping with flood in study 
area.   
4.1. The characteristics of Flood and coping in study area 
  Flood characteristics are divided into two areas between inner area and outer area. From in-depth 
interview with group of household found that inner area has a road running along the shores of island, 
which function as a dyke. The inner area has also been protected by prevention project. Embankment in 
Ayutthaya was constructed along the river round the island. Mostly it was constructed by Fine Art 
Department from Central Government Allocation. Fine Art Department will consider prioritize to 
construct in the areas that ruin or monument are placed first, meanwhile Ayutthaya Municipality will 
concern the area that flood effects citizen.  
 However, some well-off family took action to encounter flood before government support will 
arrived. Sand Bag Barrier is conventional mitigation knowledge among community people. Recently, 
community have changed their solution to concrete wall, but in some area where regulation is not allowed 
constructing permanent construction, community still stuck with conventional measure. In contrast, the 
outer area was also the most vulnerable area to be flood almost every year because its location was outside 
of the water protection project, which reflected the residential settlement in harmony with natural flood 
and their preparedness. Duration of preparedness, household in outer area prepared about 2 to 3 weeks 
before the flooding such as moving a belonging to second floor, preparing some boat and food, etc. This 
preparedness affected to reduce damage from the flood. As viewpoints of flood management, the most 
households did not cooperate and gather in a group of community level. When serious flood occurs; it is 
only assistance in brotherhood or friendship level such as giving some stocks like a food, water, daily 
goods. Therefore, flood management of each household mostly depends upon housing types, economic 
status and social structure of each household. Nonetheless, this study also found that in some household 
that are located along the river where the high level of flood coming every year had and cannot construct 
permanent construction, since they live confront with the heritage sites; each household will mutually 
prepare the large plates of concrete wall and dig up the earth in line as a small ditch which fit with width of 
concrete wall along the river, they penetrate concrete wall in the ditch when flood comes. This flood 
measurement ways is well known among Ayutthaya people, however not every community could manage 
to arrange this kind of protection among their communities.  
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 Table 2. Flood characteristics and coping in study area year 2011 
 
Flood characteristic 
Location 
Phra Nakorn Si Ayutthaya municipality  
Inside Island Surrounding Island 
Physical characteristic of area  3 rivers - Chao Phraya, Pa Sak and Lop 
Buri flowing through area 
 Flood prevention from function of road  
 Prevention by dyke, sand bags, and 
temporary barrier 
 outside of the water detention project 
Flood experience before 2011 Since 1995 Almost every year 
Duration of 2011 flood 3 months 
October to December 2011  
4 months 
August to December 2011  
Duration of preparedness  
household level  1 to 3 days 2 to 3 weeks 
  
In table 2, this study tries to summarize flood characteristics and coping in study area in 2011 by 
comparing similarities and differences between inside and surrounding island. The sequence of flood 
severity in 2011both water level and duration of the flood, some household adapted the house ejecting 
construction for coping with the floods in the future. The house ejecting construction is another of local 
knowledge by adding the height of house such as from 1.7 meters of original to 3.5 meters. The cost of the 
house ejecting construction was 250,000 baht; it took one week to finish the ejecting construction of house 
by local worker. 
 
         
 
Fig. 6. The house ejecting construction in outer area: by author, 2012 
 
 
 
4.2. Damage information from 2011 flood in 3 types of housing 
 
  Regarding to the result of in-depth interview with 20 households which were impacted by flood with 
maximum 2 meters water level in 2011, results of damage information, are divided into 2 following 
aspects; Firstly, damage referred to the direct impacts that destructed or affected to the physical structure 
of housing, i.e. dirtying, damaging and destruction of house, which these damages led to cost of repair 
and cleaning. Table 4 shows about damage or direct impact of housing structure by dividing location and 
types of house. Furthermore, the surrounding island was prepared before flooding by each household such 
as moving a belonging to second floor, preparing some boat and food, etc. This area got less the damage 
than the inside island where did not prepare their households. Moreover, types of housing affected to 
different damage, which pillar house gained lesser the damages than one storey house and two storey 
house. One storey house was the most damage at 43,000 baht and average cleaning time at 1 to 2 months. 
Sequence of damages in the flood event is shown in Figure 8. 
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Table 3. Damage or direct impact of housing structure by dividing location and type of house. 
 
Location 
Damage or direct impact 
One storey house 
3 households  
Pillar house 
3 households  
Two storey house 
4 households  
Inner area 
10 households  
 Dirtying of physical structure 
of house 
 Damaging of wall, floor, 
window, door, and furniture in 
the first floor 
 Damaging of belonging not to 
move such as television, 
refrigerator 
Dirtying of physical 
structure of house 
 Dirtying of physical structure of 
house 
 Damaging of wall, floor, window, 
door, and furniture in the first floor 
 Damaging of belonging not to move 
such as television, refrigerator 
Surrounding Island 
10 households  
One storey house Pillar house 
8 households  
Non-pillar house 
2 households  
N/A Dirtying of physical 
structure of house 
 Dirtying of physical structure of 
house 
 Damaging of wall, floor, window 
and door in the first floor 
Average repairing cost 43,000 baht 2,400 baht 35,000 baht 
Average cleaning time 1 to 2 months 1 week 1 to 2 months 
 
 Secondly, losses in housing sector related to evacuation or shelter costs became the second largest 
cost. However, some households were evacuated to temporary evacuation camps, schools, temples or 
public office buildings used as shelters, especially, people who left in one storey house, they could not 
survive with during the flood so they had to be evacuated to a safety area. Moreover, one storey house has 
much damage risk, since it has limited capacity to move portable goods in the house to the higher place, 
thus the potential damage losses that one storey house can obtain are both of damage caused on house 
structure and assets in the house. Moreover, from the survey, one storey house has the most damage on 
the structure of the building in which it needed to repair the whole roof, since the high of the water had 
reached the level that it could damage the structure of the roof. Repairing roof construction mentioned by 
interviewees that was the most expensive cost in house reconstruction process.    
 From the result of study about damage information from 2011 flood in 3 types of housing, it was 
found that the factors that exposed to flood damage and losses were not only the water level and duration 
factors but also types of housing, number of floors, and the level of preparedness. 
 
 
5. Conclusions and suggestions 
 
The historical city of Ayutthaya and associated historic towns are located on central part of 
Thailand. It was granted and registered as a world heritage site by UNESCO, which is to bear a 
unique or at least exceptional testimony to a cultural traditional, or to a civilization which is 
living or which has disappeared. Since Ayutthaya has its location on flood-prone area, up till 
now flooding situation still continuously occurring, For tackling with flood disaster, Thai 
ancestors creatively designed the traditional house style, pillar house, which considered the 
natural features of water based settlement, particularly risks of flood disaster, by building a 
house being able to avoid the negative consequence of flood and also pointing of the cultural 
atmosphere. In this way, residents in vulnerable area could stably survive from the negative 
consequences of flood because of this kind of the distinctive architectural design. To reveal 
more information of the utilization of pillar house, this study tries to point out knowledge of 
previous generation in housing, living in harmony with natural flood through damage information in 
three types of housing pillar house, two storey house and one storey house .  
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The result of this study can be summarized that the factors that expose to flood damage and 
losses are not only from the flood characteristics but also from types of housing, number of floors, 
and coping capacity. They are 1  The non-pillar houses, one storey houses and two storey house are 
damaged over the pillar house, when it is considered about the damage of physical structure, average 
repairing cost, and average cleaning time; 2 Household which has flood experience, the people 
have well prepared and managed themselves so they can reduce damages from flooding; and 3 The 
flood management of each household also depends on housing types, economic status and social 
structure of each household. Therefore, the effective flood management capacity in Ayutthaya is to 
reduce the vulnerability which is in terms of physical and awareness of population. It is divided into 
two parts:  the management in community level is creating knowledge and awareness about 
building structure on people who live in flood risk area, including improvement of risk 
communication; and the management in the big picture or the Chao Phraya River Basin level. 
 Currently, urbanization is rapidly expanded in the study area due to high acceleration of economic 
development and tourism development. Pillar houses initially designed for living with water are decreasing 
by displacement of other buildings. Land readjustment and new housing development focused on newly 
modern buildings are dramatically generated, as a result; some of pillar house styles are also changed for 
multi-function, first floor of pillar house was adjusted to be one of house spaces with permanent 
construction like concrete, thus open space in first floor designed for tackling with flood are completely 
disappeared. Even worst, many of pillar houses are totally replaced by diverse architectural building styles. 
Not only house with non-pillar will probably reduce the surface for absorbing water for the city but also 
these situations significantly influences on a change of townscape in the city.  
 One of the reasons that Ayutthaya people did not try to remain the living in pillar house is that the 
information of the advantage of living in pillar house due to reducing of flood losses are not stated clearly. 
Therefore, this study enlightens this kind of study revealing this kind of information. In addition, from the 
observation found that the regulation such as building code and zoning, in accordance of controlling pillar 
house structure is not profoundly declared. This leads to distortion of knowledge of constructing pillar 
house. In light of this, this study suggests the improvement of regulation such as building code and zoning 
avoid the conflict generated by self-protection measure to large scale mitigation plan. For example;  
Setback from the river  
that, the houses which located along the river are to be settle at least 6 meters away from the river bank. 
However, from the surveys, there are more than 20 percent of the houses settle less than 6 meters away. 
Setback control could prevent the blockage of impervious surface by footprint of houses rather than pillar 
house along the riverside, letting the flow of water run through the inner island to the river. Living in pillar 
house in Ayutthaya is not only advantage for the people to reduce the potential loss of flood but also to 
preserve the traditional architecture of Thais.       
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